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NUMMARY  PAGE 


PROBLEM.  The  Naval  Medica  1  Ki-iv^rrh  and  Dcvulopn^nl  Command  wis 

asked  to  initiate  biomedical  research  aimed  toward  improving  t.hi 
submarine  atmosphere  control  program.  The  proposed  objective 
was  to  assemble  a  list  of  atmospheric  contaminants  according  to 
priority  for  (potential)  toxicological  effects. 

FINDINGS.  Expired  breath  sampler-:  were  collected  iLom  crewmembers  in 

tne  forward  space,  torpedo  room,  forward  engine  space,  <ut<i 
engineering  space  of  a  fast-attack  submarine.  Analysis  by 
computer-assisted,  gt.s  chromatog  r  np'ny/.ness  spectrometry 
(GC/MS/COMP)  provided  enr omatog rams  indicating  similar  volatile 
organic  compounds  (VOC's)  between  samples.  Each  chromatogram 
contained  an  average  oi  408  VOC's.  Computer  analysis 
characterized  1 1)2  of  the  VOC's  collected  in  the  toroedo  room. 
The  total  concentration  of  VOC's,  >  -881  pob,  contained  348  ppb 
of  C^-C.^  acyclic  alkanes.  With  the  possible  exception  of 
benzene,  none  of  the  VOC's  exceeded  the  DO -day  limits  of 
exposure  in  nuclear  submarines.  In  this  trial  study,  the  method 
-  “of  sample  collection  did  not  permit  d i scr imina t ion  between  VOC's 
desorbed  from  the  body  and  atmospheric  VOC's  present  in  the 
airways . 

APPLICATION.  The  GC/MG/COMP  technique  is  adaptable  for  use  in  estimating 
the  body  burden  of  VOC's  aboard  submarines.  Estimations  of  body 
burdens  will  provide  the  Navy  with  an  additional  guideline  for 
prioritizing  gaseous  contaminants  and  judging  the  quality  of  air 
in  submarine  atmospheres.  Selective  use  of  the  GC/fVG/CC.YP 
technique  may  also  prove  useful  for  evaluating  operational 
problems,  such  as  the  minimum  required  frequency  of  snorkeling. 

Admin i st  ra  e i vy  Information 

This  investigation  was  conducted  under  research  work  unit 
MR0001  001-5093.  It  was  submitted  for  review  on  Id  December 
1984  and  approved  for  publication  as  Memorandum  Renort  84-4  on 
19  December  1984. 
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The  Huccv's:;  of  tin1  subnar  1  ih-  a  t  mosphe  r  t  ■  control  program  has  depended 
solely  upon  periodic  ident  1  f  um  t  1  on  of  cent  unnunto  in  the  ship's 
nt^osphere.  Substanc.  r.  found  to  exceed  safeguard  concentrations  are 
controlled  by  restricting  their  use  aboard  shin  or  scrubbing  then  from 
ttu  atmosphere.  Hut,  ihu,  approach  t.i  tidy  to  ignore  the  human  host. 
Advancements  in  t-'oiinology  now  onobli  b  i  oaud  i  ca  J  scientists  to  identify 
organic  (jam  s  absorbed  by  the  human  body  during  exposures  to  industrial 
oiivironneiits.  .a  i  v.d  uutt'ci  trie  potential  .application  of 

computer -assist  oa  ,  gas  chrnmat  og  rophy/m.,ss  spectrometry  (CC/MS/COFP)  to 
tn--  measurement  ot  volatile  organic  compounds  (VOC’s)  absorbed  by 
submarine  e  r  mho  r  s .  Expir'd  br«'.,»  samples  were  collected  from 
w«  t  cost  and i  t  s  stationed  in  the  forward  space,  torpedo  room,  forward 
engine  sputa.  ,  and  engineering  space  of  a  fast-attack  submarine:.  Analysis 
of  the  sa.mt'jts  showed  a  remarkably  complex  mixture  of  VOC  ’  s  with  an 
aver  igc  of  4ud  compounds  per  sample.  y.vitnout  benzene,  the  total 
coseen  r  r  :  ~  1  on  of  otganic  vapors,  3  mg/m  ,  was  well  below the  maximum 
allowable  concent  ration  c1  f  total  hydrocarbons  (70  mg/m  )  for  dO 
cent  i  nuous  ciays  ..board  sub.mar  int  s.  Re  ozone  overloaded  the  sample 
collector  anti  therefore*  existed  in  a  concentration  >  !10  ppb.  Since  all 
crewmembers  wen  smokers,  one  possible  soure:  cf  b.  nxen--  was  residual 
organic  vapors  in  tin  lung.  fair i (en  of  the  17  highest  concentrations  of 
V'.jV's  we  re  acyclic,  alkanes.  Assuming  that  most  of  the  expired 

VOT's  were  der  i  w  d  from  tin  submarine,  the  hydrocarbon  composition  of  the 
atmosphere  was  more  concentrated  an<:  complex  t!ian  in  residential 
dwellings.  This  indicates  that  crewmembers  absorb  atmospheric  VuC ' s 
during  p.itt  rol  <:nd  desorb  the  contaminants  at.  home.  Future  work  should 
attemrn  to;  (a.)  measure  sorption  of  VOC ' s  from  the  body  after  patrol, 
and  (b.)  (•■valuiti.  tin  VO/'s  likely  to  ovt-rloatl  the  sample  collector 
during  ZO-linr  collections  of  tiie  submaritu  atmosphere.  The  desorption 
of  true--'  con!  imin.nts  from  tin  body  will  indicate  a  body  burden  of 
organic  substann  n. .  >  Estimations  of  body  burdens  can  provide  the  Navy 

with  an  additional  guideline  for  prioritizing  gaseous  contaminants  and 
judging  the  quality  of  air  in  submarine  atmospheres.  <  .Selective  use  of 
tii  CT/dS/coMb  technique  nay  also  prove  useful  for  evaluating  operational 
problems,  suer  .s  th>-  minimum  n  u:  in  t  frequency  of  snorkel  iny  . 
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ti;km  i  no  logy  ak.)  /  iinKiivi  a  thing 

13  „  .  The  body  burden  of  organic  substance-.  The  amount  of 

organic  vapor  absorbed  by  the  body. 

The  minimal  concentration  of  an  organic  substance  in  the 
expired  breath. 

Computer -.issi  stvd ,  gas  chromatog  r  apny  and  mass  spectrome¬ 
try. 

l:n  maximal  concentration  of  an  organic  vapor  in  the 
at  mo sphe re. 

(i.i.3  chromatography  . 

Muss  sncctromct ry . 

The  potential  for  accumulating  an  organic  substance  in  the 

body  by  pulmonary  ventiltion.  _ 

tr ademar  k . 

iSn-  The-  quantity  of  organic  vapor  expired  from  the-  body. 

subscript  s.  an  organic  substance  in  its  gas  phase. 

subscript  e.  bxpired. 

subscript  min.  Minimum. 

subscript  m-.iX.  Maximum. 

THC.  Total  hydrocarbons  const  n  L  r:  a  t  i  on  . 

V  .  Til  volume  of  expired  gas. 


s  ,  e  ,  m  1  n 
GC/Mb/CCMP. 

s  ,  m  a  x  ' 

c : . 

MG  . 

P  . 

r? 

{R} 


Vue . 


Volatile  organic  compound. 
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The  Chief  of  Naval  Oporations  (6)  .iskv\t  the  Naval  Medical  Research 
and  Development.  Command  to  institute  research  aimed  toward  improving  the 
atmosphere  control  program  aboard  nucli ar  submarines.  Three 
research  efforts  w<_re  specified; 

Identify  the  contaminants  in  nuclear  submarines,  using 
methodology  developed  by  the  Naval  Research  Laboratory. 

List  the  contaminants  by  priority. 

Perform  toxicology  studies  in  animals  on  high  priority 
contaminan ts . 

ORGANIC  VAPORS  IN  NUCLEAR  SUOMARINLd.  It.  has  been  known  for  years 
tiint  a  variety  of  hydrocarbons  exist  in  submarine  atmospheres,  but 
results  of  previous  assays  may  no  longer  represent  the  quantity  and 
quality  of  atmosphere  contaminants  in  new  classes  of  submarines. 
Analysis  ol  the  composition  of  total  n.y  .1  r  oca  r  eon '  s  is  not  simple  and 
straightforward,  since  nor.,  tnun  12,000  organic  contominant  s  may  exist  in 
submarine's  as  a  consequence  of  smoking  (13).  The  atmospheres  of  the 
Navy 1 s  first  nuclear  submarines  wore  composed  of  aliphatic  paraffins, 
cycl  oeet'uf  i  ins,  olefins,  and  aromatic  contaminants  (tabic  1).  The  major 
source  ol  contaminants  was  oil-bused  paints  which  wore  periodically 
applied  t.o  the  inboard  surfaces  curing  refitting  of  the  ships. 
ConsecjUi  ntly,  total  hydrocarbon  concentrations  were  Higher  before 
submersion  (sb-LOS  mg/m" )  than  during  the  first  122  Hours  of  submersion 
(jd-lX;  mg/m  )  (lu).  In  addition  to  these  sources,  non-aromatic 
hydrocarbons  originated  from  humans  (eg  methane),  oils,  cooking  products, 
ana  the  decomposition  ol  hot  oil  (1). 

Tin  aromatic  hydrocarbons  constituted  about  oOZ  of  the  hydrocarbons 
in  1  v  (3  d  - 1 1' V„'  and  23-30'i  of  the  total  hydrocarbon  content  in  1  ‘J60 -1  'J6  3  . 

It  did  not  take  lony  lor  aromatic  hydrocarbons  to  accumulate  in  the 
a  trros  p;i  (.•  r  c ,  since  their  content  was  nearly  the  s  imo  whether  sampling  was 
dune  eat  J  y  or  late-  in  tne  cruise-.  Xyi-  ne  and  t  r  imet  hy  1  ben  zone 
constituted  approx  lrnatel  y  50  «  of  tne  mixture  of  aromatic  hyd  rocar  bons 
recovered  from  submarine  air.  Major  sources  of  aromatic  hydrocarbons 
were-  lighter  fluids,  cements,  and  tobacco  smoke.  Likely  sources  of 
aromatic  hydrocarbons  were  paint  solvents,  mineral  suit  its,  and  diesel 
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table  1.  T  tends  In  Levels  oL  Otjaiuc  Vapors  Aboard  NucK  ar  Gubmar  ir.es . 


Ref . 

Yr . 

8ite(s) 

Col  lector 

Assay 

Results 

10 

1956- 

Main 

Activated 

Infrared  and 

THC  =  50-171  mg/m  3 

1958 

air 

filters 

charcoal 

mass  spectro¬ 
meters 

10 

19  5  9 

Varied 

Ac  t i va  ted 
charcoa 1 

TilC  =  4  7-52  mg/m3 

16 

1959 

... 

Chronosot  b 

CC,  with  argon 
ionization 
detec  t  ion 

THC  =  110-ldo  ng/i.i3. 

1 

1960 

THC  -  lUU  mg/m3 
Aromatics  =  2.98  ppm 
Olefins  and  ..  al  icycl  ics 
<  12.5  mg/n 

4 

1961 

— 

Act i vated 
char coal 

GC,  with 
fluorescent 

THC  =  133  mg, / m 3 
Aromatics  33 .5  mg/m 

•  -  •  4  «  . 

‘ indicator  ” 

absorpt ion . 

1 

1  97  0 

THC  -  3  0  mg/m'S 

A  tom a  tics  =  0.85  ppm 
Olefins  a^d  alicyclics 
<  4  mg/m 

1 

197  6 

THC  =  10  mg/m ~ 
Aromatics  <  0.9  ppm 
Olefins  and  alicyclics 
£  1  mg/m3 

12 

198  3 

— 

— 

— 

THC  <  60  mg/m3 

(The  prevalent  use  of  activated  charcoal  as  a  collecting  agent  led 
to  a  2-lold  undercut i  mu t  1  on  of  the  total  hydrocarbons  because 
low  molecular  weight  hydrocarbons  passed  through  tile  carbon  bed 
(16)  . 

Reference-  1  included  the  following  compounds  in  the  aromatics  and 
olefin-al icycl its: 

AROMATICS.  Benzene,  Toluene,  Xylene,  Ethylbenzene,  Propy lbenzcne , 
Mositylonc,  Ethyl  toluene  ,  Psuudocumerie ,  and  Indane. 

OLEF 1 N -ALiCYCLICC .  Acetylene,  Ethylene,  Propylene,  Butene, 

Isoprene,  Decent’,  Mtd  ny  ic/fdohi-xine,  Et  hylcycl  ohoxanc-.  ] 
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(  5  1  . 

I  ;i|it  o'.'i'.TU'iita  oi  tin-  atmosp.i.  1  •.  i-oiiirol  proyr  ii  in  i  he  iii-cai.it  s  of  the 

lvou's  and  l‘i'/0's  caused  the  level:;  o  ‘  total  Hydrocarbons  to  drop  by  1 

orurr  of  mayn i tuJi  .  Potentially  toxic  substances  were  prohibited  aboard 
stun  an  I  the  practice  ui  p.ant  im;  w  is  sharply  curtailed.  The 
roqui  t  ctneni  s  lor  naintenanee  of  t  ,n  .  ny  mai  t  iny  pi  mt  were  upyradv.l  ani 
engitv.  -ring  elio..lji  I  1 1  a.-:;  for  rev  1 1  a  I  i  >:  i  n  j  t  h>  air  wart.-  improved  (1). 

Today,  organic  vapors  ate  “scrubbed"  Item  t  *  i«_  submarine  atmosphere 
by  absorption  and  catalytic  oxidation.  Activated  charcoal  is  effective 
m  absorbing  aromatic  hydrocarbons ,  -C  aliphatic  hydrocarbons, 
caioriiicUs!::  hydrocarbons  ('-xcept  c  ie'n  1  oroact  t.y  It  ru  )  ,  and  freons. 

liy 'J  roc  r  bons  c.m  leturn  to  the  at  noser.-  n.  when  tin  carbon  becomes 

n.uuratec*.  Ida  on:;  ate  •.  v<  .-n  r  u -i  1 1  y  vie.  :;oi  hew  when  displaced  by  heavier, 
higher  boiling  hydrocarbons.  A  large  decrease-  in  partial  pressure  of 
cent  an  >  nun  t  gases,  such  as  occurs  tea  :i  sniftiny  from  high  to  low 

b.iftn-.-t  r  ie  pi:  i  .;su  t.  ■■  ,  will  also  desorb  ny.lt  ocar  Lons  {torn  activated 
cha t  eoa 1  . 

Hop:  :  1  l  L  *  { R }  e, Italy/-,  s  Lae  oxidation  of  hydrocarbons  when  heated  to 

up;  i  m.;i  i..  t.nc  catalytic  ournc.-r.  ».u  catalytic  ournei  removes  .-.romati 
.i.nr.'j,  a  1  i  cti.j  t  i  c  hy'rm  .■rbons,  tones,  a  l  iehy.'i  u ,  cliurs, 

.a-.  mc;,n  t  n- .  ■  no  •  ..m  l  n  •  s.  H  ■  1 1  oqt-no  t>.  A  ny  -i  ocar bons  are  ..e  composes  to 
iy  :  i  o'  a  i  oi  i  c  ie  i  * ,  by  Hoi  uor  ie  at:  in,  mvi  vinyl  i-en-'  chi  or  ide  ,  before 
:  .  "lov  ■  i  by  !  i  t  n  l  u.m  c  i  r  bon.  i  ■  1  owns  l  r  •  s.m  ot  *  ii-v  us  lytic  tiirn-h  . 

hi  eo  1  ot  c  ie-..  t  y  1  f  tv  ,  wnica  --■ay  ;  orm  in  a  n-.-.t.-:  ilk. ill  scrunbe-L,  is 

.  i  i  i  1  y  \  o  :<  t  c  (  J.  )  . 


.<•  a  1 1  la:.-,  o  1  t  ae 

trident,  c  i 

\  ti : » 

suimar  i  n 

!•  :i-:Vi 

i  :n  j 

tent  c  -j 

1 1 

r  l  i 

r  it  a  b  1  •  t-  .met  i  all  of 

. i  tmos [iiit-  tic 

ay  : 

t  oca r  bon 

1  e  v  -  - 1  s 

sine 

(.  the 

f  i  r 

s  t. 

n  u  c '  1 

.. ..  r  sunm.ir  ines  went 

t  o  tie  a  .  V- 

cm  n  t 

mensu  r a 

minis  s 

nows 

d  tIH: 

to  t 

a  1 

ivyi  t  oc  .  r  bon  concvnti  ,a  ion  to  ne.  troT  31  ppm  to  -1  ■;  pun  in  the  engine 

■  n.l  ,  .  t 

roo-  o- -t  u  tin  a  and  c.iys  ot  <  •  1  usee -ho.*  •  operation.  iln- 

omen  si  :  uai  o!  total  ut  |.mir  sub-:.;  ..:k,  .:  was  «.-ks  im.i'.-.-l  to  bi  dU-fj't 
-i  i  ipn.  ■  t  jc  :  iy  -I'jr.sions.  tlLV.db  -ai  jlys-  o:  ui  sa.  ml  •  lnd  icii  ted  no 
concentrations  of  trc.ee  cent  eninane:;  in  •  xe-.-ss  of  1  ppm.  No  1  oc.il  1  i  zed 
conci  n  t  i.  a  1. 1  on: .  el  :iy  :1 1  o- si  r  bon;;  wvi  •.  It  1 i  c  t  ea  ,  but  hydrocarbon 
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:  i.o'  i  or  L\i  to  .iii  v,  1 1  n  .m  abrupt 
occurring  upon  i.nu-i  imj  i;i.;  eng  itv  i  dot.  Tin  3  was  cxpl.im'.-.i  ny  a  in  ;:i 
number  of  hyd  cocdtbon  sources  in  i  he  engine  room  rcl.itiw  to  lot/.:’  ion  o 
the  charco.il  bed  in  t no  iotwuid  emptiUciont's  main  fun  tom  (Id). 


The  potential  lor  accunul at  i  mi  .my  organic  subsuiin-  oy  milaon.a  / 
Ventilation  (F  )  should  be  propcrtion.il  to  Lin.  ip.iiin  nt  be  t  -eu  mux  1  :v,  ,i 


concentration  in  .nbun 


t  air  (!•'  )  ,m.l  .unitiiul  conn tit  r  u  t  l  on  i  mn  .■.! 

ii  f  'UlX 


(Cs  e  .  At  present,  there  is  litt  1-.,  data  on  w:mi  and  wiuie 
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le  niaxiur 
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ik  1 ung  . 
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Various 

c  1  ass  os 

of  nydro 

on rbon 

contaminants  have'  eompouru; s 

pa  r  t  i 

c  u  I  a  r  )  y 

toxic  .. 
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eincc  th«.  sc  toxic  .tyen  is  r.i 

f  .  1  b  1  .  •  2  . 

'i'OX  1  C 

(/ 1  g  an  l  c  V  port; 

i.’e  f  . 

C  1  a  ;;  s 

■Jornpou  tu : 

Vox  1C  .. 

[  LeC  L 

1 

Aroma t i e 

ib  nzciit 

i  u.no  r  s 

of  blood  forming  tissues. 

hvd  t  o- 
carbons 

Xy  1  -m 

I  rr>p  lire 
ti  n.  . 

•.  n  t  of  coordination  mb  Line 

vclu.n 

I  rnp.i  i  r  ::i 

kiit  of  coordination  arvi  mac 

t  i  -:u* . 

1 

c  h  1  o  r  i  - 

Me  thy  1 

ch 1 oi o  — 

o s i 

• 

n  ti  t  c*  1 1 

form 

hyci  r  o  - 

1  i.  i  ch  1 

o  r  o  - 

C'i  V  1  1  .j c* 

i  i  1  uli  am;  1  i  Vi  i  a.j .  . 
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o  t  hy  1 

o  m 

Mc-tny  1 
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chloride 

T<  t.  mo 

h  1  a  r  o  - 

ft i ong 

irritant  , 

of  "s11 


c  t.  hy  1  ■  tit- 


pm-sont  in  very  low  concent  i  it  ions,  ■_  r.ipims  i ;;  has  :k  t  n  placed  on 
quant  i  ly  l  ng  the  toxicity  of  t  h*  i  [Hire-  nixtui  .  of  organic  Vapors.  In. 
current  practice  is  to  a  cm;  me  tn.it  t  toxic  ,  fleets  of  all  subst  .met  s 
arc  add  i  uivo  (1,11).  to  quantify  tin-  t.ozicity,  t  ne  conconti  at  ion  of 


vVi'ry  .'idl/.-ii.inco  it;  divided  by  its  max  lmun  jl  lo.wbh  coiu't  tUr...t  ion,  Tlu. 
sum  ol  tin-  quotients  i  rul  km  1. 1 '  -  >  .1  toxic  mixture  when  it  cxa'i'^s  u  value  cf. 
1.  Us.  of  this  met  nod  indicated  u*,at  t  he  total  organic  vapors  exceeded 
their  toxic  limits  during  the  19t>0's,  with  values  of  1-1.12  for  the  sun 
of  t  h.  quotients.  by  197  d,  the  Kin  of  the  quotients  dropped  to  0.b2  (1). 

BODY  BUKbhN.  (Since  organic  vjpots  must  be  absorbed  by  the-  human 
body  before  they  can  exert  a  toxic  eli.-ct,  it  would  be  adventageous  to 
quantify  the  body  burden  of  organic  vapors  from  exposure  to  submarines, 
'ihe  absorption  of  organic  vapors  during  a  submarine  patrol  is  analogous 
to  inhaling  an  inesthttic  gas  prior  to  surgery.  In  either  situation, 
doso  rot  1  on  begins  when  the  body  ventilates  with  clean  tdr  .  Therefore, 
t sc  amount  of  organic  substance  absorbed  by  the  body  (B  )  through  the 
lung  can  be  estimated  by  measuring  the  quantity  of  substance  expired 
(S  )  right  after  cessation  of  occupational  exposure.  S(  depends  on  the 

‘  q.  d  oC  ns 

cq.  I  d  =  d  *  V 

e  .->  ,  < 

rati  of  ventilation,  tissue  solubility  j  "s",  met. .nolle  rate,  and  tine 
lapse  i cd 1  owing  exposut  e . 

Tm..  cnange  ot  .'  with  tin.  is  *.  pi.:;.o  by  a  oiuphic  plot  of  C 

e  '  '  -  s ,  e 

(log  ordinate:)  as  a  function  of  .  las  1  ti’,  .1 t  *_  r  exposure  (abscissa). 

'1  he.-  plot,  eajj-  .1  .1  breath  decay  cur  v.  ,  c..:i  0.  used  to  estimate  the 
magnitude  of  b  i  oaccumu  la  1. 1  on  by  comp. it  mg  post -exposure  decay  of  :S  to 
control  decay  0 j  b  (lb). 

II  .  1  < .  1 .1  p  1  •  s  can  be  col  ii.ct.ii;  .ibo  :r  i  sub i.ir  1  tu.  s  ,  r  he  CC /MB /COMP 
tectin  iqu>  may  be  very  useful  lor  measuring  tr.ice  VUC’s  in  hum.m  expired 
bre.ii  !i  and  tm-  submarine  atnospnen  (1-1).  The  GC/fD/COM  p  technique  is 
f  r  ecius  hi  t  1  y  us.  a  to  character  i;:~  un.i  qumtiiy  compl.-x  mixtures  ol  VOC  '  s  , 
since  it  is  capable  ol  identifying  uuiivi.iu.il  organic  components  in 
..mounts  as  little  as  1  - 1  a  nu  (2,11,1*1,1'/).  CC/Mo  is  sufficiently 
sensitive  to  m.asur-'  ny  :  t  .  r  buns  in  '•one:  11 1 1  a  t  i  ons  of  parts  per  trillion 
(ID. 


Ml  riici) 


DtblGN.  'iii.-i  ••-ica-sui  i-nu'nt  s  «,vu  pei formed  aboard  u  snln.ir  i  nr  nooie.l 
at  the  New  London  b'ubmar  inc  Ha-‘u  .  Vlu;  original  plan  war.  to  p:  rform 
simultaneous  measurements  of  expired-  and  atmospheric  hydrocarbons  as  the 
first  step  toward  documenting  orginic  contain  inati  ts  being  absorbed  by  tin- 
tissue's  of  the  body  ( TPPl.ND  1 X )  .  budden  deployment  of  the  submarine 
cancelled  the  stuay  only  hours  after  the  investigative  team  assembled  in 
Croton.  bince  the  team  could  not  remain  assembled  wide  i .  init.i  Iv,  it  was 
necessary  to  obtain  expired  breath  samples  under  unmonitored  con.nt ions. 

PROTOCOL.  Four  teflon  bags  were  flushed  with  ulrtnpure  air  and 

capped  for  transfer  aboard  ship.  The  i;xs.cutive  Officer,  U'J.3  Cato,  handoa 

a  teflon  bag  tc  each  watcastanacr  (table  3)  with  instructions  to  "blow 

up"  the  bag  with  exhaled  breath,  expel  the  sample  by  rolling  the  bag  to 

the  mouthpiece,  then  roinflato  tne  bag.  The  third  inflation  was 

prest rved  by  capping  the  mouthpiece.  Ttu  inflated  bags  were  handed  to 

tne  investigators  who  were  waiting  on  the  pier  adjacent  t.o  the  moored 

submarine.  The  ship  had  been  ventilating  with  surface  air  for  at.  least 

1  d 

2h  hours  win  Le  Doing  occupied  by  J/3  ot  the  crow. 


table  3:  .Subjects 


Subject 

Naval  Rating 

A 

z0 

machinist's  mate 

U 

3  3 

e  1  ee  t  r  o  n  i  e  '  s  teciin  .i  e  i  a  n 

c 

z.  • 

mac hi nist  1 s  mate 

D 

30 

tor peu oman 

W  t  '  i.  t  •  S  iTi  O  K  t  ■*  L*  H 

>  .  1  Ci  cflL 

for  subject  A,  all  men  were 

qualified,  in  submarines.) 

In  the  laboratory,  a  constant  flow  pump  (  300  ml/m  in)  suctioned  (rich 
breath  sample  through  a  Tenax  GC  { K }  cartridge.  Tile  Tcnax  GC  { R } 
cartridge  wo  s  sealed  in  a  culture  tube  and  shipped  tc  tne  associate 
investigator's  laboratory  in  Chicago.  Two  additional  Tcnax  GC  { R } 
cartridges  wer<_  used  us  blank:;. 

MMAbURLM KNV  1  LCIi’J  1  yUK .  Pei  formance  of  the  assay  required  sample 
collection,  extraction,  and  ana  1  ys  i  s  (2, (•,  13,14,17).  During  sample 
collection,  volatile  organic  substances  (VOC's)  were-  adsorbed  by  the 


i.i  S  till.'  tj  ci  s 


Suiopl  o 


Tonnx  GC  {R}  (/ ,  t.-.i  i  liberty  i -p-pir.  ny  1  ene  oxide  polymer) 

flowed  through  tin:  sorbent's  container  . 

Adsorbed  VOC  1  s  were'  extracted  from  Tenax  GC  {R}  by  the  thermal 
dtscnuioi;  technique.  Th.  h.n.:x  C.C  { R }  cartridge  was  bnckf  lushed  witn 
Ik-1  nn  in  onii’t  to  transit t  the  Vac’s  i:;to  a  tiicKol  capillary  trap.  Tin 


Vod 1 s  wet 


t-on.R  nst’d  by  cool  inq  t  he  trap  with  liquid  nitrogen.  In  those 


instanc  eo  whore  large  volumes  ol  water  vapor  ate  collected,  the  samples 
.ac  subjected  to  a  second  transfer  step  prior  to  Gc’/MG/COMP  annalysis. 

Cample  analysis  boejan  when  the  eonUensato  was  rapidly  heated  for 
vapor  i  i:.;t  ion  into  a  carrier  <jas ,  he  1  i  an .  Tin  sample  was  injected  into  a 
nigh- r eso l ut i on ,  f  used-si  1  ica  capillary  g  a  s  c-nromatoy  raphy  column,  for 
separation  of  tnc  nixtutt  into  component  VOC  '  s  (14).  Llflut-nt.  from  the 
-gas  chromatoqr <rpn  entered  a  mass  spectrometer  for  character  ization  by 
electron  impact  ionisation.  A  computer  printed  a  reconstructed  ion 
chromni  oy  r  .•  a ,  winch  was  .■  u-ct  ..nqul.it  plot  of  the  intensity  of  extracted 
ion  current  (Y  ms)  acj.nnst  the  scan  number  /'sample  retention  time  (X 


axis)  1  / )  .  bach  m.,r.s 


•  C  1. 1  U  /t 


vi  !1 )  y 


l . .  . 


c  o  Xi  p  u  1 1'  i  pro  <  j  r  v't  •' 


which  i  lent  if  i-  VOC  *  s  by  probability  ol  their  fit  to  spectral 
char  act  ar  i  at  its  of  an  extrusive  list  of  standard  compounds. 


KLCULTC 


All  s  a  t.  t>  1  •  ■  s  provide’,  ra. const  t  uc  t  ad  ion  chroma  tog  rams  which  were 
t-ciarkably  similar  between  subjects.  'j  he  total  number  of  VOC  1  s  observed 
in  th..  samples  was  exceptionally  large;  namely  4tf(>  (sample  A),  4  'J  2 

(sample  15)  ,  4 1>  7  (sample  C)  ,  and  4it>  (sample  1) ,  shown  in  figures  1,2). 

’hk  compounds  >  •>.  sample  U  were  eba  r  ac  t  •  r  l  x.-'d  by  compute  r  analysis  if 
t  licit  tone-.  :iu  m  ion:;  exc-.ejea  iSO,OhO  counts  per  component  (table  4). 
ill--  to*  mi!  i  i  i  hut  i  lied  1  f>2  VeC  1  s  witn  a  total  conce  n  t  r  a  t  i  on  of  >  o&l  ppb 
( a  a .  3  mg/m"  ,  witnout  hen  t-.-m  )  .  lu>nzt  m  appear-,  d  to  overload  t  no  GC 
column  in  each  sample,  since;  (a.)  t  n<  r  w  ns  a  bro.ut  peak  at  spectrum 
scan  number  S.-.h  in  -  icn  s..npl‘  ,  and  tb.)  tic  conti-ntt.it  ion  of  benzene 
vXO.edi  a  30  pp;.  m  sample  0.  Therefor-.  ,  t  a..  tot,.!  roncoii  t  r  a  t  i  on  of 


a-yc  lie. 

I  1 

-a  1  karu-s  (543 

ppb)  const  itut>.- 

1  <  4  u  V.  of 

..11  VOC 

1  ?.  (’..able 

z> )  •  i  r.  t. 

1/  VOC 

1  r.  pr  s-..  nt  in 

h  l  g D' -st  ronci  ill  r 

a  UOliS  COll 

eU t 1 Ve] 

y  CXCeede- 

4  C  4  p;  !,- 

( t  ,bl e 

v  )  .  Tii  irtL'.-ii 

wer  .-  ..eye  1  l c  !iy- 

«  LOCii  L  DO  US 

V,  It.  Il  ()- 

ix  carbon 

RECONSTRUCTED  ION  CHROMATOGRAMS 


(ION  COUNTS) 

(MILLIONS) 


(SPECTRUM  NUMBER ) 


Eitjur*.  1:  The  Lop  panel  shows  a  col  lc-clion  of  subject  D 1  s  expire:]  breath 
in  the  torpedo  room  of  i  he  USS  Cato.  The  bottom  panel  )s  a 
collector  plank  winch  inn  been  spiked  with  per  f  i  uo  r  oben  r.ene  and 
per  f  1  uoroto )  iieno .  The  peak  ion  counts  for  the  spiked  compounds 
each  represented  a  concentration  of.  3  ppb. 


{ION  COUNTS,  millions) 


RECONSTRUCTED  ION  CHROMATOGRAMS 


O  900  1,800 


0  600  l,20u 


(SPECTRUM  NUMBER) 


'in-  top  p.-mi'i  shows  a  col  l'jction  of  .subject  \) ' s  expired  ui .  ,jMi 
in  the  torpedo  room  of  t:h--  Ubb  C  u  o .  Tnc  -niodli  owiioJ 
on.:  met  -rixi.-s  t  hr-  ixpircJ  nr--..Ui  of  -i  putiorit  who  brc<)  t  hod 
u  1  l  i  niHii  c  .ill  for  20  mnut-.'S  before  trie-  coJ  JrCLion.  Thu  bott. 

p.jin  i  w.is  ruJ  li-clL-d  from  n  rimnirntH]  builairnj  in  Chicuyo. 
.snriplf  s  wore  col  1  cc  t  C'i  in  2.0  1  j  tor  boy  a  mvj  con  tlif’f  efote  bo 
us‘  U  1  0  1  conp.j  i  i  ruj  o.wt  limited  concun  1  r  n  t  i  on:;  by  usmy  the 
.iinyri  i  i  u.fm  of  ion  counts. 


o  < 


TABLE  4.  VOLATILE  ORGANIC  COMPONENTS  IDENTIFIED  IN  BREATH  SAMPLE  FROM 
SAILOR  ON  BOARD  USS  GATO  [SAMPLE  FILE  SUEA04.DAT] 


Spec  Relative 


No . 

MW 

Formula 

Identification  Peak 

Area  (xlO4) 

202 

'~46 

C2H60 

"Tthanol 

"'"21 

221 

58 

c3h60 

Acetone 

44 

234 

68 

C3H4 n2 

Pyrazol  e 

3 

236 

60 

C3H80 

2  propanol 

7 

239 

72 

C5H1  2 

n  pentane 

20 

247 

68 

C5H8 

2  methyl  butadi ene 

254 

257 

96 

C  2  H2  C 1 2 

Vinyl idene  chloride 

3 

266 

70 

C5H10 

Methyl  butene 

9 

268 

84 

CH2C1 2 

Methylene  chloride 

17 

270 

68 

C5H8 

Pentad i ene 

8 

279 

*n86 

“'C2C1  3F3 

Tri f 1 uorotrichl oroethane 

55 

285 

66 

05H5 

Cvcl opentad i ene 

7 

323 

70 

Ci*H60 

3  butyiol 

12 

347 

86 

C6Hl4 

Methyl  pentane 

28 

361 

72 

U*HaO 

Butanal 

12 

371 

72 

C  4  H  3  0 

Methyl  ethyl  ketone 

27 

375 

88 

C5H120 

Methyl  butanol 

18 

388 

84 

0&Hi2 

1  hexene 

24 

4U2 

82 

CSM 

2  methyl  furan 

in 

411 

86 

C6lll4 

Hexane 

148 

419 

168 

C2HCI 3r2 

Trichlorodi f 1 uoroethane 

2 

421 

82 

CbHbO 

Methyl  furan 

in 

426 

84 

H 1 2 

Cg  alkene  isomer 

13 

470 

84 

H 1 2 

Methyl  cyclopentane 

30 

483 

82 

Oghio 

Hexadi ene 

42 

490 

132 

C2M3C13 

Tri chi oroethane 

129 

496 

79 

CsHgO 

Pyr i di ne 

4 

506 

82 

C6  M  1  0 

Methyl  pentadiene 

3 

525 

78 

CbHfc 

Benzene 

>  80 

536 

11/ 

CC14 

Carbon  tetrachl ori do 

3 

541-2 

Supersat'jrated--uni  denti  f  ied 

(0 


TABLE  4.  VOLATILE  ORGANIC  COMPONENTS  IDENTIFIED  IN  BREATH  SAMPLE  FROM 
SAILOR  ON  BOARD  USS  GATO  [SAMPLE  FILE  SUEA04.DAT]  (continued) 


Spec  Relative 


No. 

MW 

Formula 

Identification  Peak 

Area  ( 

562 

100 

C7H16 

2  Methyl  hexane 

41 

581 

100 

C7H16 

C7  Alkane 

58 

596 

98 

C7H14 

Dimethyl  cyclopentane 

13 

606 

130 

c2hci 3 

Tri chi oroethyl ene 

2 

620 

88 

C5H120 

2  pentanol 

11 

625 

96 

CfcHgO 

Dimethyl  fupan 

4 

632 

100 

C7Hi6 

n  heptane 

131 

633 

90 

C  4  H 1 0  S 

Thi apentane 

8 

646 

74 

C3H602 

Propionic  acid 

7 

5365  2 

-■126 

-CgHis 

— — -3?~iSObutyl  cyclopentane  '  •  "  '  ‘3 

656 

94 

c6h60 

Phenol 

8 

659 

93 

C?Hm 

Hep tone 

1 

677 

98 

C7H14 

Cycl oa 1 kane 

88 

680 

100 

Cb»i*U 

Methyl  isobutyl  ketone 

15 

700 

98 

C7H14 

2  n-hexadecyl i ndane 

22 

717 

112 

C8h16 

Tri methyl  cyclopentane 

8 

747 

92 

c7h8 

Tol uene 

160 

767 

114 

C8h18 

Dimethyl  hexane 

204 

768 

94 

C7H1  0 

Dimethyl  cycl opentadi ene 

65 

732 

114 

C8  H  j  a 

3  Methyl  heptane 

80 

790 

112 

C8Hi  6 

Dimethyl  cyclohexane 

61 

794 

112 

C8(l16 

Octene 

16 

810 

1  12 

C8  H 1  6 

Tri methyl  cyclopentane 

18 

816 

1  12 

Cs^lS 

Methyl  ethyl  cyclopentane 

24 

823 

112 

C8  H 1  6 

Dimethyl  cyclohexane 

21 

831 

114 

C8l,l  8 

n  octane 

196 

836 

166 

C2CI4 

Tetrachl oroethyl ene 

31 

841 

112 

63 ''  1 G 

Dimethyl  cyclohexane 

14 

876 

128 

Ceiij  80 

Octanone 

12 

887 

128 

C9H20 

Dimethyl  heptane 

43 

894 

112 

C8ll18 

Dimethyl  hexene 

61 

1 1 


TABLE  *.  VOLATILE  ORGANIC  COMPONENTS  IDENTIFIED  IN  BREATH  SAMPLE  FROM 
SAILOR  ON  BOARD  USS  GATO  [SAMPLE  FILE  SUEA04.DAT]  (continued) 


Spec 

No. 

MW 

Formula 

Identi fication 

Rel ati ve 

Peak  Area  (xlO4) 

899 

128 

CgH2o 

Tetramethyl  pentane 

41 

904 

126 

CgHja 

Tetramethyl  cyclopentane 

37 

910 

126 

CgHis 

Trimethyl  cyclohexane 

10 

913 

126 

C9H18 

Methyl  ethyl  cyclohexane 

9 

924 

106 

caHio 

Ethyl  benzene 

38 

929 

126 

C9H18 

Trimethyl  cyclohexane 

37 

935 

128 

C9H20 

Dimethyl  heptane 

58 

939 

106 

Cg  H 1 0 

Xylene 

109 

947 

128 

C9H20 

Dimethyl  heptane 

58 

953 

_ 110 

-C8Hm 

. ™v,T3i cyclooctane 

112 

c8h16 

C0  alkane  isomer 

12. 

955 

128 

c8h16o 

Octanone 

7 

959 

128 

C9O20 

Methyl  octane 

109 

969 

104 

c8h8 

Stryene 

11 

971 

112 

C8H16 

Methyl  heptene 

159 

132 

c  6  H 1 2  0  3 

2  ethoxy  ethyl  acetate 

976 

126 

C9H18 

Trimethyl  cyclohexane 

5 

978 

106 

Cs  H 1 0 

Xyl ene 

139 

989 

xza 

C9818 

Methyl  ethyl  cyclohexane 

43 

998 

124 

O9H16 

Bi  c.ycl  ononane 

4 

1004 

128 

C9M20 

Trimethyl  hexane 

185 

1013 

140 

Cg  H 1  fiO 

Nonenone 

7 

1016 

124 

C8H120 

Ethynyl  cyclohexanol 

3 

1022 

126 

Cg  H ]  q 

Trimethyl  hexene 

48 

1031 

120 

C9H12 

Cumene 

17 

1035 

142 

C 1 0^2  2 

Cjo  Alkane  isomer 

50 

1042 

124 

C9H16 

Methyl  bi eye  1 ooctane 

30 

1047 

142 

Ci0H?2 

Dimethyl  octane 

38 

1053 

124 

C9H16 

Bi cycl ononane 

8 

1057 

126 

Cg  0 1  b 

Propyl  cyclohexane 

141 

1061 

142 

C10O22 

Dimethyl  octane 

359 

1065 

136 

C  1  011 1  6 

Carene 

2 

TABLE  4.  VOLATILE  ORGANIC  COMPONENTS  IDENTIFIER  IN  BREATH  SAMPLE  FROM 
SAILOR  ON  BOARD  USS  GATC  [SAMPLE  FILE  SUEA04.DAT]  (continued) 


Spec 
-No . 

MW 

Formula 

Identification  Peak 

Rel ati ve 

Area  (xlO4) 

1070 

142 

ClOl,2  2 

Methyl  nonane 

10 

1074 

140 

C10H20 

Propyl  heptene 

99 

1076 

138 

C  i  o  H 1 8 

Menthene 

4 

1077 

120 

C3H8O 

Phenyl  acetaldehyde 

27 

1085 

124 

C9H16 

Spi rononane 

2 

1088 

120 

C9H12 

Isopropyl  benzene 

95 

1093 

142 

C10H22 

C10  Alkane  isomer 

56 

1095 

140 

Ci 0H20 

Tetramethyl  cyclohexane 

6 

1099 

120 

C9H12 

.  __Trimethy1  benzene  .....  - 

..169 

1101 

142 

C10H22 

C10  AT  kane  i somer 

72 

1105 

Alkane  isomer  (tent  C 1 0 ) 

206 

1115 

142 

c 1 0H2  2 

Methyl  nonane 

64 

1116 

120 

C9H12 

Methyl  ethyl  benzene 

67 

156 

Cl 1H24 

C 1 1  alkane  isomer 

1124 

140 

C10H20 

Methyl  isopropyl  cyclohexane 

12 

1126 

154 

Cl  1 H2  4 

C 1 1  Alkane  isomer 

19 

1133 

118 

C9  H 1 0 

Methyl  styrene 

5 

1138 

120 

C9  H 1 2 

Trimethyl  benzene 

81 

1139 

140 

C 1 0  H2  0 

Methyl  isopropyl  cyclohexane 

40 

1144 

140 

C 1 0^2  0 

Butyl  cyclohexane 

27 

1156 

142 

C] 0^22 

n  decane 

480 

1157 

142 

C 1 0  N2  2 

n  decane 

74 

14b 

CeH^Cl 2 

Di  chlorobenzene 

1165 

140 

C 1 0H2  0 

Ethyl  octene 

53 

1175 

1 56 

Cl lH24 

C 1 ]  Alkane  isomer 

27 

1179 

156 

Cl 1H24 

Methyl  decane 

61 

1180 

120 

C  9  H  ]  2 

Ethyl  toluene 

56 

156 

Ci  1H24 

C 1 1  Alkane  isomer 

1183 

140 

CgHi^O 

Cyclooctane  aldehyde 

3 

1136 

1 56 

C] iH2u 

Dimethyl  nonane 

20 

1191 

156 

ClOH2oC 

Vinyl  2  ethyl  hexyl  ether 

208 

1193 

156 

Cl  !  1 1 2 4 

Methyl  decane 

51 

I? 


TABLE  4.  VOLATILE  ORGANIC  COMPONENTS  IDENTIFIED  IN  BREATH  SAMPLE  FROM 
SAILOR  ON  BOARD  USS  GATO  [SAMPLE  FILE  SUEA04.DAT]  (continued) 


Spec 

No. 

MW 

Formula 

Relative 

Identification  Peak  Area  ( x  1 0** ) 

1202 

140 

C10H20 

Cyclodecane  isomer 

7 

1203 

152 

C10H16O 

Camphor 

3 

1208 

Alkane  isomer 

76 

1210 

140 

ClOH20 

Butyl  cyclohexane 

51 

1220 

120 

C9H12 

Alkyl  henzene  isomer 

82 

156 

Cl 1H24 

C 1 1  Alkane  isomer 

1227 

138 

C9H14O 

Trimethyl  cyclohexenone  (tent) 

19 

122y 

134 

c  1  0H 1 4 

Dimethyl  ethyl  benzene 

13 

1233 

156 

CnH2l, 

Dimethyl  nonane 

149 

.1243 

156 

CllH24 

,;_-t_J4ethyl  decane 

;63 

1244 

134 

ClOHi4 

Propyl  toluene 

7 

1 250 

138 

ClOH18 

Bicyclodecana 

10 

1236 

13. 

Cl  lH2<* 

Cj  1  Alkane  1 somer 

no 

1259 

134 

c 10H14 

C4  Alkyl  benzene 

8 

1267 

134 

C10H14 

Ethyl  xylene 

12 

1273 

Alkane  isomer 

71 

1281 

168 

Ci iH2o° 

Dibutyl  allene  oxide  (tent) 

16 

1282 

154 

Cl 1H22 

Butyl  cycloheptane 

24 

1294 

156 

Cl  lll24 

C 1 1  Alkane  isomer 

360 

1303 

154 

CioHieO 

C 1 0  ketone 

23 

1313 

134 

Ci  oil  1 4 

Tetramethyl  benzene 

13 

1319 

170 

C 1 2^20 

C 12  Ai kane  i somer 

84 

1327 

Alkane  isomer 

37 

1329 

Alkane  isomer 

39 

1333 

Alkane  isomer  (tPnt  Cn) 

163 

1334 

142 

c 1 0H2  2 

Dimethyl  octane 

51 

1337 

122 

C7ll602 

Benzoic  acid 

51 

1341 

Alkane  isomer 

12 

1345 

132 

c  1  0  H 1  2 

Methyl  di hydro i ndene 

3 

1350 

154 

Cg  H 1 4O  2 

Cyclohexyl  acrylate 

35 

1353 

Alkane  isomer  (tent  C 1 0 ) 

2d 

1354 

163 

C12H24 

Cyclodecane  isomer 

9 

TABLE  4.  VOLATILE  ORGANIC  COMPONENTS  IDENTIFIED  IN  BREATH  SAMPLE  FROM 
SAILOR  ON  BOARD  USS  GATO  [SAMPLE  FILE  SUEA04.DAT]  (continued) 


Spec 

"Tlo. 

MW 

Formula 

Relative 

Identification  Peak  Area  (xlO4) 

1358 

132 

C 1  0  H 1 2 

Ethyl  styrene 

7 

1362 

134 

Cj.  o'l  1 4 

Tetramethyl  benzene 

5 

1367 

Alkane  isomer  (tent  Cn) 

122 

1372 

Cycloalkane  isomer  (tent  C12) 

40 

1374 

132 

C 1  0  H 1 2 

Tetrahydronaphthal  ene 

4 

1378 

170 

C 1  2H26 

Dodecane  isomer 

101 

1387 

170 

Cl2H26 

C12  Alkane  isomer 

34 

1391 

Alkane  isomer 

34 

_1402 

. ,,..128 

CioHa 

•  _ jNaphthal  ene  .. 

~  9 

1407 

138 

C 1 oN  18 

Cyclopentyl  cyclopentane 

10 

1409 

146 

Cl  1 H 1 4 

Dimethyl  indan 

6 

1411 

Alkane  isomer 

15 

1421 

170 

C i ?H?fi 

Dodecane  isomer 

129 

1440 

184 

Cl 3H28 

Tridecane  isomer 

93 

1450 

Alkane  isomer 

13 

1479 

Cycloalkane  isomer 

17 

1486 

170 

Cl2H26 

Alkane  isomer 

15 

149b 

147 

C  1  0  H 1  3  N 

Methyl  tetrahydroi soqui nol i no 

1 

1498 

Alkane  isomer 

21 

1603 

146 

c  n  rl  14 

Methyl  tet rahydronaphtha 1 ene 

2 

1  :>  10 

162 

Cl  2 H  1 8 

Dimethyl  isobutyl  benzene 

1 

1511 

193 

C14H30 

C 1 4  Alkane  isomer 

58 

1525 

146 

ci 1 H i 4 

Dimethyl  indan 

0.5 

1639 

184 

C13H28 

Tridecane  isomer 

68 

1557 

142 

C 11 H i 0 

Methyl  naphthalene 

4 

1561 

Alkane  isomer 

15 

1663 

160 

c  1  2  ^  1 6 

Isopropyl  methyl  styrene 

2 

1612 

Alkane  isomer 

11 

1628 

154 

c  1  2  1  >  1 0 

Phenyl  benzene 

2 

1630 

Alkane  isomer 

28 

1652 

168 

c  1 3  H 1 2 

Methyl  phenyl 

0.5 

15 


TABLE  .  VOLATILE  ORGANIC  COMPONENTS  IDENTIFIED  IN  BREATH  SAMPLE  FROM 
SAILOR  ON  BOARD  USS  GATO  [SAMPLE  FILE  SUEA04.DAT]  (continued) 


Spec 

No. 

MW 

Formula 

Identification 

Rel ati ve 

Peak  Area  ( x  1 0*4 ) 

1653 

198 

C14H30 

Tetradecane  isomer 

62 

1670 

156 

c  1 2  H 1 2 

Dimethyl  naphthalene 

2 

1688 

156 

C 1 2  H 1 2 

Dimethyl  naphthalene 

2 

1694 

156 

C 1 2H12 

Dimethyl  naphthalene 

2 

1738 

Alkane  isomer 

21 

1786 

Alkane  isomer 

20 

i  b  1  c  5 : 


of  WOC's  in  Tight  Buildings, 


Comparison  with  Concpnfr.it  ions 

(ppb) . 


■  VOC  ..  , _  ..use  Gato 


"Tight 
Bui Id i n 


Forma  Luehyue 

— 

5-40 

Toluene 

16 

10-30 

o,m,p-Xylene 

2b 

10-20 

Ethylbenzene 

4 

5-15 

Hexane 

15 

10-25 

1,1,1-Trichloroe thane 

13 

50-150 

1 , 1 , 2 , 2 -Per chi  or  oe t  hy 1 enc 

40-80 

C^-C^  Alkanes 

34  8 

LT> 

1 

o 

H 

(Data  from  tigiit  buildings  wore  obtained  from  reference  3. 
typo  identifies  compounds  present  in  both  onv i ronaon Ls . j 


r» 


Bold 


a 


£ 

*y- 

►V 

% 


£ 

c 


Table  6:  Peak  Concentrations  of  VOC '  s  in  the-  US 

3  Goto  and  tne  Space 

w*t: 

Shuttle  Cabin  (ppb) . 

‘-V, 

USS  Gato 

Space  Shuttle  Cabin 

_ S,  _ L, _ _  =r.'_  .  u.itV  - 

—  :.L-  . 

Benzene 

>  o  0 

n  Decune 

55 

Me:  t  bane 

4,420-133, 540 

C  ^  Alkane  isomer 

3b 

Toluene 

11-7,400 

Dimethyl  octane 

36 

1 , 1 , 2-Tr ichloro- 

9-1 , 330 

1, 2,  2-tr i f luoro- 

{j'-‘ 

ethane 

Alkane  isomer 

2  y 

Kthnnal 

60-1 , 200 

<  j 

W"J 

2 -Methyl  butadiene 

2d 

Hr omo t  r i f 1 ur o- 

300-1, 190 

1 

methane 

k; 

Dodecano  isomer 

23 

lit  hand 

51-900 

P.'. 

Dimethyl  hexane 

20 

Butene 

683  _ .  .  ^ 

CiQ  Alkane  isomer 

21 

2 -Methyl -2 -propanol 

2-430 

V iny 1-2 -ethyl  hexyl 

21 

2-Methyl  pentane 

410 

1 

.  •'i 

ethc  r 

* 

n  Octane 

20 

Methanol 

3-300 

Trimetnyl  hexane 

1  y 

2-Propanonc 

12-340 

pi 

T r i me thy  1  benzene 

17 

n  Hexane 

11-210 

*  ( 

Toluene 

16 

1,3 -Dimethyl  bon- 

1-200 

k 

z  e  n  < 

fci 

Metnyl  heptane- 

I(> 

Cg  Aliphatic  hydro- 

140 

*- « 

W', 

-  L 

carbons 

C- 

■.hy  1  no  nan-.- 

1  5 

C Q  Aliphatic  hydro- 

2  70 

ra 

car bons 

; 

Hexane 

]  r 

— 

— 

j 

■■ 

(Column  Total) 

( >  4  ■> 

4  ) 

( 6 , 4  00—1  50,  i  '■ ) 

a 

l  Dot  a  for  the  spaca.  nfi  u  t.  L  J  ■  •  c.-.ibin  ve.-tc  a.  i.jptc  .3  fror.  rt  ic-rr  nci_  11 
Lio  1  -  j  type  iutrn.ifii.-y  compounds  pro  sent  in  both  l  nv  1  consents  .  ] 


C  l  oss— match  with  VOC  1  s  Previously  guant  i  £  i  ui  Aboard 

Subniar  ines  . 


(1.) 


'<2.) 


benzene 
I’.Uiunol 
l.thy  1  ben;:  cm: 
in, p-r.tiiy  1  tol  uc  nc 
Iso-oropyl  ben  zone 
Tol ucne 

Tr  iclilorootnylcne 
Vinyl  idene  chloride 

_n /  p — X y  1  c n e _ 

o-Xy 1 one 
toLul  hydrocarbons 

olumn  1,  lists  the  compounds  from  Table  3-2 
cross-.ut.chul  with  VOC's  listed  in  table  3/ 

aboard  USS  Gato 


>30 

2 

4 

6 

10 

1 

0.2 

0.3 

11 

14 


concentration^  i  le  a  s  u  r  e  c  i 


reference;  7, 
Col umn  2.  li 
in  ppb .  ] 


19 


'.1  h  i  c  n 
sts  the 


atoms  pot  molecule  (330  ppb);  3  wore  monocyclic,  aromatic  hydrocarbons  (> 
113  ppb);  and  1  was  an  older  (21  ppb). 

Ten  compounds  (solvents  and  paints)  could  be  cross-matched  with 
substances  previously  quantified  in  submarine  atmospheres.  None  of  these 
exceeded  concentrations  of  14  ppb  (table  7).  Very  few  compounds 
crossmatcheh  with  organic  vapors  identified  in  the  space  shuttle  cabin 
(table  6).  The  space  cabin  contained  concentrations  of  contaminants  at 
least  1  order  of  magnitude  higher  than  in  the  moored  submarine.  The 
total  concentration  of  alkanes  in  the  submarine,  343  ppb,  was 

lower  than  the  total  concentration  of  C^-Cy  aliphatic  hydrocarbons  in  the 
space  cabin  (tables  5,0).  The  space  cabin  contaminants  were  lower  in 
molecular  weight  than  the-  submarine  contaminants. 

One  of  the  collector  blanks  (figure  1)  was  exposed  to  interjial 
standards  (per  f  1  uorobenzene  ,  3  ppb,  and  per  f  1  uo  roto  1  uenc- ,  3  ppb).  Notice 
that  the  chromatogram  of  the  collector  blank  was  much  less  complex  than 
that  of  the  expired  breatn  samples.  The  peaks  of  the  internal  standards 
did  not  exceed  500,000  counts,  while?  the  background  counts  almost  always 
fell  oeiow  20,000  counts.  The  background  counts  hlvc  t  exceeded  00,0u0  as 
the  spectrum  scan  number  varied  from  0  to  l,00l), 

DISCUSSION 

AIR  QUALITY.  i  he  Semples  of  expired  breath  contained  VOC  '  s  derived 
from  endogenous  metabolites,  tobacco  smoke,  and  atmospheric  contaminants. 
Although  the  investigators  did  not  witness  the  collections  of  expired 
breath,  it  is  reasonable  to  presume  that  the  subjects  avoided  smoking 
while  performing  the-  maneuvers  ol  sample  collection.  If  some  subjects 
smoked  at  the  time  of  sample  collection,  they  could  not  have  provided 
samples  with  comparable  reconstructed  ion  chromatograms.  In  comparing 
the  upper  and  lower  panels  of  figure  2,  the  smoker -pa t i en t  provided  a 
sample  of  VOC  '  s  whicn  was  itiucii  less  complex  t  han  provided  oy  the 
smoker -crewmember .  Lven  if  the  middle  and  lower  panels  of  figure  2  were 
superimposed,  they  would  collectively  contain  lower  concentrations  of 
fewer  VCC ' s  than  in  t no  crewmember’s  expired  breath. 

The  r  icons  t  r  uc  led  ion  chromatograms  wore  reviewed  by  Dr.  JeffWyatt 


of  the  Naval  Research  Laboratory,  who  observed  a  resemblance  to 

GC-chromutograms  from  submarine  .1  tmosphe-r  cs  cont.nmmj  high 
concentrations  of  hydrocarbons.  The  consultant  expressed  concern 

that  apparent  overloading  of  the  GC  column  by  benzene  may  indicate  an 
unusual  source  ol'  benzene  in  the  submarine.  Subsequent  computer  analysis 
showed  benzene  to  be  at  a  concentration  exceeding  00  ppb,  which  may  nave 
been  present  in  the  lung  as  a  residual  product,  of  cigarette  smoking. 
Later  discussions  with  the  Electric  Boat  Company's  atmosphere-control 
engineers  suggested  that  high  concentrations  of  hydrocarbons  wore 

likely  to  evolve  from  machinery  lubricants. 

Crossmatching  data  from  the  USS  Gato  with  previous  analyses  of 
submarine  atmospheres  showed  the  presence  of  fuels,  solvents,  anti  paints 
in  very  low  concentrations  (table  7).  None  of  the  VOC ' s  exceeded  the 
~i>0-day  limits  of  exposure  in  nuclear  submarines  (7).  Nor  did  the  total 

3 

concent.r  ati  on  of  VOC  1  s  (ca.  3  my/m  )  exceed  the  SJu-day  limit  for  total 
hydrocarbons  (70  mg/m  ).  Trace  quantities  of  monoe thano 1  am incs  would  be 
expected  during  patrol  as  a  by-product  of  scrubbing  carbon  dioxide.  In 
port,  shut-down  of  liie  Cu^  scrubber  would  explain  the  apparent  absence  of 
monot  t lunol am inc s  from  the  submarine  atmosphere. 

While  samples  of  indoor  air  typically  contain  100-130  organic 
compounds,  tlm.-  samples  from  UGC  Gato  contained  a  more  complex  mixture 
wan  higi'er  concentrations  of  substances.  A  comparison  of  the 
submarine's  atmosphere  with  that;  in  "tight  buildings"  (table  5)  indicate; 
a  7-fold  greater  concentration  of  alkanes  in  the  submarine.  Inc 

spectrum  of  VOC ’ s  in  the  moored  submarine  was  remarkably  different  from 
tn..  t  in  the  space.-  shuttle  cabin  (II).  Fewer  organic  contaminants  (n  = 
15Z)  wore  identified  in  the  shuttle  cabin  than  in  tne  submarine  (n  - 
4do).  Until  there  uie  measurements  of  total  hydrocarbons,  we  can  only 
speculate  that  tilt,  quantity  of  VOC  '  s  in  the  moored  submarine  is  higher 
t.ii  in  in  tignt  buildings  and  lower  than  in  space  Veiiiclcs. 

Biologic.il  effects  have  not  been  observed  from  exposure  to  al  i  pun  tic 
aii'.t  alicyclic  nycir  ocarbons  in  concentrations  below  500  ppm.  Aldehydes 
are  strong  irritants  of  the  skin,  airways,  and  skin.  The  r.nreshold  for 
it  i  lt.ition  may  be  as  low  as  0.01  ppm.  Aromatic  hydrocarbons  arc-  known  to 
be  biologically  active  in  concentrations  above  25  ppm  and  there  is 


concern  for  possible  mutagenic  effects  ('J).  Our  mensurment 3  indicated 
that  the  concentrations  of  VOC's  aboard  US5  Gat.o  were  below  threshold 
levels  for  biological  effects. 

CRITIQUE  OF  THE  ASSAY.  A  distinct  advantage  of  tile  GC/M5/C0MP  assay 
"over  GC  assays  is  its  capability  to  rapidly  quantify  a  large  number  of 
VOC's  mixed  in  low  concentrations  (ppb) .  The  technical  advantages  of 
Tonax  CC  { R } ,  high  affinity  for  organic  molecules  and  porosity  for  water 
vapor,  allot/  for  concentration  of  the  VOC's  into  a  sample  suitable  for 
analysis  (17,2).  Furthermore,  VOC's  are  stable  on  Tenax  GC  {R}  for  -1 
Weeks  when  protected  from  light  in  sealed  containers  at  4°C  (14), 

Limitations  of  gas  chromatography/mass  spectrometry  and  sampling 
procedures  preclude  the  CC/MS/COMP  assay  from  detecting  all  classes  of 
VOC's  in  1  sample.  Inorganic  compounds  are  not  measured  because  of  the 
characteristics  of  the  sorbent  material  and  the  GC  column.  Pollutant 
oxidants  (ozone,  2-5  ppm  NO^,  and  >25  ppb  molecular  halogens)  may  react 
with  VOC's  (5,14,17).  Highly  polar  VOC's,  such  as  organic  acids,  nay 
escape  collection  by  passing  through  the  sorbent  polymer  (17).  Highly 
volatile  organics,  such  as  methane  and  freon,  may  also  escape  collection 
wnen  carried  through  Tenax  CC  { R }  in  large  volumes  of  polluted  gas.  This 
volume-related  loss  of  analyte,  call -id  "breakthrough",  is  u  procedural 
problem  related  to  sampling  strategy  (5,14).  The  absence  of  methane, 
freons,  monoethanol a  nines ,  and  other  low  molecular  weight  substances  from 
the  gas  samples  in  this  study  ;:u.y  Lx-  explained  by  "bre  kthrough". 
Furthermore,  compounds  were-  excluded  from  iden  t  i  f  i  ca  t  i  on  because  their 
spectral  lu.uiss  ..  ..  -.0,0  00  counts  (figures  1,2).  Limitation  of  the 

CPP.F  GC/  M  5  Li.  Clinique  can  be  overcome  by  modifying  the  sampling  strategy 
or  using  supp  1  e  men  tor  y  assay  techniques.  one  useful  adjunct  would  lie- 
concurrent.  rneasurcm.nl  of  total  Hydrocarbons  content. 

FUTURE  APPLICATION.'-;.  Recognition  must  be  given  to  the  possibility 
ol  u  gradual  cluing--  in  spectrum  of  atmospheric  VOC's  with  modification  of 
the  engineering  plants  aboard  submarines.  In  the  future,  this  can  best 
be  determined  by;  (...)  crossmatch  i  ng  current  data  with  n  complete 
data-base-  of  VOC's  previously  -measured  in  submarines,  ami  (b.) 
conducting  periodic  assays  of  the  expired  br.eu.it  i)  in  crewmembers . 

Trn.-  sensitivity  of  the  CC/F.S/COr.P  will  permit  estimation  of  the  body 

77 


This  information 


burden  by  measurement  of  VOC ' s  in  the  expired  breath, 
will  be  useful  in  evaluating  the  bO-duy  limits  of  exposure  to  atmospheric 
hydrocarDons.  Of  additional  interest  is  the  possible  application  of 

GC /Mb /COMP  to  evaluating  the  effects  of  snorkeling  on  the  submarine 
atmosphere  and  crewmembers .  It  is  important  to  know  whether  snorkel  iny 
pollutes  or  purifies  the'  submarine  atmosphere. 
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APPENDIX 


PROTOCOL  FOR  TRIAL  MEASUREMENTS  OF  ATMOSPHERIC  HYDK  1CARBONS  ABOARD  US£^ 

B I LLF  t S H  ,  5  APRIL  1984. 

TIME  TEST 

2000  Board  ship  at  moor. 

2015  5iit  up  for  particulate  samples,  ambient  air  samples,  and 

duplicate  samples. 

2030  Begin  u-hr  particulate  samples  at  sites  A-D. 

A  engine  room 
B  torpedo  room 

..  ~ .=  control,  or  crew’s  berthing 

D  galley,  or  crew's  mess 

2100  Tli  i  r  ty-  minute  collections  of  ambient  air  samples  at  sites  A-C. 

(desire  shut  down  of  the  ventilation  in  order  to 
improve  chances  lor  identifying  contaminants 
originating  from  the  ship's  interior.) 

Thirty -minute  collections  of  duplicate  samples  at  sites  A  and 

L). 

2300  Met  up  the  expired  breath  samples  apparatus  at  sites  A  and  D. 

0100  Collect  expired  breath  from  2  crewmembers  on  site  near  site  D, 

Collect  ambient  air  samples  at  site  D. 

0200  Dismantle  the  expired  breath  samples  apparatus. 

0500  During  cooking  of  breakfast,  collect  ambient  air  samples  and 

duplicate  samples  at  site  D. 

OGOu  Eton  particulate  samples  at  sites  A-D, 
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